A recent study suggested that
Two reaction time (RT) studies by Pullman et all 2 suggest that Parkinson's disease (PD) may cause particular difficulty in the specification of the direction rather than the amplitude, of future movements. The same patients and procedures were used, measures were included of circulating plasma levodopa (the precursor to dopamine), and direction and amplitude were separately and independently varied in the two studies. The authors suggest that the preparation of movement direction, but not of amplitude, may be related to Apparatus and procedure Testing took place at the most severe point in a patient's symptom cycle, that is, shortly before the next medication was taken. Each subject made responses on a board with a row of five buttons (1) (2) (3) (4) (5) . The subjects sat so that the row of buttons lay along their sagittal plane. Adjacent buttons were separated by 30 mm (centre to centre) and each button was 13 mm in diameter. The buttons required a distance of 7 mm and a minimum force of 60 g to be depressed. A computer recorded the time data. The subjects completed trials, each of which consisted of a series of 12 button presses, with their right hand as quickly and as accurately as possible. The movements between buttons alternated between being proximal-to-distal and distal-to-proximal. Each next button to be depressed was illuminated by a small red light emitting diode (in the base of the button) when the present button was released. Only one button was illuminated at any one time. On a typical trial, the subject depressed the starting button (button number 3) to begin, which caused the adjacent button (for example, button 4) to be illuminated. After pressing that newly illuminated button, the original button (3) sures of interest for each trial were the movement time (MT) for the change movement, compared with the MT for the movement immediately before the change, that is, the pre-change movement from button 3 to button 4. For trials with no change, a MT value was obtained for a movement in the sequence at the point corresponding to when a change would have occurred, had it been a change condition, that is, equiprobably at the fifth, sixth or seventh button tap.
Results
The extent of reprogramming is indicated by the increase in MT comparing pre-change and change conditions. To examine the extent of reprogramming we performed a mixed model 2 x 4 x 2 analysis of variance considering Group (PD, control), Condition (no change, direction only change, amplitude only change, direction and amplitude change) and Movement Type (pre-change, change movement). A difficulty reprogramming specific movement parameters would be indicated by disproportionate increases in MT (pre-change vs change) for patients compared with controls. The MT for pre-change and change movements in all conditions is presented in the figure.
Significant main effects indicated that PD subjects moved slower (PD, 388 ms vs controls 327 ms), F(1, 18) = 6X51, p < 005; that reprogramming occurred (pre-change, 267 ms vs change 449 ms), F(1, 18) = 129, p < 0-001; and that the specific conditions affected MT (no change, 281 ms; direction only, 378 ms; amplitude only, 366 ms; direction and amplitude, 407 ms), F(3, 54) = 66-04, p < 0-001. However, MT for each group was not differentially affected by the change in movement or by the condition, as indicated by non-significant interactions of Group by Condition F(3, 54) = 1 1, p > 0 05; and Group by Movement Type, F(1, 18) < 1. Note, from the figure, that both groups tend to slow down (that is, "fatigue") over time. There is, for instance, a slight increase in MT over the two positions even when no change of movement was required. Most importantly, however, this increase was not different for patients compared with controls, as shown by the lack of a significant interaction of Group by Condition by Movement Type, F(3, 54) < 1.
We can therefore conclude that PD and control subjects did not Our data and those of Stelmach et aP suggest two possible explanations. Firstly, the basal ganglia may be involved in coding both direction and amplitude, a position which is compatible with certain data on cell activity in these structures.2' 22 Alternatively, the basal ganglia may not be primarily involved in specifying parameters of future movement, but may instead play some other role, probably at a higher level of motor function. This latter position has been taken by other, later, investigators of cell function in the basal ganglia.78 Clearly a broader view of basal ganglia function must be taken, to accommodate such complex concepts as motor programming, "internal" (or nonsensory) cueing, and sequential movement. According to this view, RT studies that demonstrate programming deficits in PD'7-20 probably reflect problems in high level preparation processes, rather than problems in the simple specification of movement parameters. Note must be taken of the strong interconnections between the basal ganglia and the motor cortices. In particular, the supplementary motor area (SMA) probably participates in many higher motor functions, and is probably involved in motor programming and the dysfunction caused by PD.23
